A dynamic case definition is warranted for adequate notification in an extended epidemic setting: the Dutch Q fever outbreak
Introduction
Q fever is a zoonotic disease and human infections result mainly from inhalation of Coxiella burnetii-contaminated aerosols [1] [2] [3] . Domestic ruminants are the main reservoir of the causative pathogen. Infected animals can shed C. burnetii in their milk or faecal excretions. Infections in humans can occur after contact with infected animals or contaminated dust [1] [2] [3] . Acute Q fever is mostly self-limiting, but antibiotic treatment can reduce the duration of symptoms [1] [2] [3] . Early detection of Q fever cases is hampered by the atypical polymorphic presentation of symptoms, ranging from asymptomatic to influenza-like illness, fever and pneumonia in acute infections. Therefore under-reporting is quite substantial, especially in the beginning of an outbreak or if there is no knowledge of possible animal contact history [1] [2] [3] . The incubation period for C. burnetii infections is generally 9-40 days. About 1-5% of all Q fever cases may progress to chronic infection, often leading to a life-threatening endocarditis or vascular infection [1, 2] .
Q fever has been a notifiable disease since 1976 in the Netherlands. The head of diagnostic microbiology laboratories and the treating physicians are obliged to notify the local public health authorities (the Municipal Health Services, MHS) of possible cases [4] . In accordance with the Public Health Act, the MHS provides anonymised reports to the national case register (NCR) of notifiable diseases [4] . The decision of the MHS to report acute Q fever cases to the NCR is based on the combination of laboratory supporting evidence together with clinical information. Soon after a patient is notified to the MHS, clinical information is acquired by a MHS infectious disease specialist by consulting the physician and by questioning the patient using a questionnaire. Whenever a patient presents with at least one of three parameters (fever, pneumonia or hepatitis), a case is reconfirmed and reported to the NCR. Q fever diagnosis is based on DNA detection by polymerase chain reaction (PCR) and serology [5, 6] . The presence or absence of four different types of antibodies determines different stages of the infection. IgM and IgG antibodies against C. burnetii phase II antigen have been associated with early stages of illness, whereas IgM phase I and especially IgG phase I antibodies are indicative of ongoing (chronic)Q fever [2] .
Various serological tests are available for acute Q fever, including indirect fluorescent antibody tests (IFATs), enzyme-linked immunosorbent assays (ELISAs) and complement fixation tests (CFTs). Recently, it was shown that the performances of these tests, in terms of confirming acute Q fever, were comparable [7] . In our laboratory in the south-east of Brabant (Laboratory for Pathology and Medical Microbiology (PAMM), Veldhoven), all three serological tests listed, together with PCR, are used for the diagnosis of acute Q fever. An algorithm was developed that supports the choice of PCR and/or serology based on the time between the first day of symptom onset and serum collection [8] .
The south of the Netherlands experienced a largescale outbreak of Q fever over three consecutive years (2007) (2008) (2009) , with the highest peak in 2009 [9, 10] . At the beginning of the outbreak, a national case definition, including laboratory diagnostics, was established and used for mandatory notification [11] . This case definition was not modified during the outbreak, and was based on the knowledge available in the Netherlands about Q fever diagnostics at that time, which was quite limited. As this outbreak constitutes one of the largest outbreaks ever recorded, with more than 4,000 acute Q fever cases notified, comparative laboratory-based studies yielded new insights on diagnostic markers for acute Q fever. Most importantly, it was shown that the serological response after infection is long-lasting and that IgG phase II as well as IgM phase II antibodies are detected in more than half of acute Q fever cases a year after symptom onset [7] . This implies that the serological diagnosis of acute Q fever based on a single serum sample -which was part of the case definition -can be inaccurate.
In the study presented here, we evaluated the specificity of the laboratory-defined acute Q fever cases during (2009) and after the epidemic (2010 and 2011). We also wanted to illustrate that interactions between the laboratory, physician and public health staff become more complex during an ongoing epidemic. Adaptation of the interpretation of laboratory results is warranted more and more in such a situation, especially when the laboratory techniques change over time.
Methods

Case definition
The current Dutch case definition for acute Q fever, based on clinical parameters and laboratory results, was used [11] , i.e. any personwho presents with at least one of three symptoms: fever, pneumonia and/ or hepatitis, combined with positive laboratory results from any of the following three tests:
• detection of C. burnetii DNA in serum of patients without signs of chronic Q fever; • serum conversion or fourfold rise in IgG-specific phase II antibody titre by IFAT or CFT; • single serum detection of IgM phase II antibodiesby IFAT or ELISA with or without IgG phase II antibodies.
Diagnostic tests and outcomes
During the study period (January 2009 to December 2011), new tests were implemented in our laboratory, situated in the south-east of the province of Brabant. The evolution of the outbreak challenged the diagnostic capacities in the affected regions ( Figure) . Firstly, ELISA IgM phase II was introduced, to improve throughput time by automation. Secondly, IFAT was introduced, to improve specificity. Finally, PCR was introduced, to improve early diagnosis (Table 1) . A detailed description of the different test methods has been published [9] . Due to the introduction of new techniques throughout the years, seven different outcomes lead to case notification to the MHS (Table 2 ). On the basis of the laboratory criteria, whenever PCR was positive or a fourfold rise in IgG phase II antibodies was measured using CFT (outcomes 1 and 2, Table 2 ), the patient was considered to be a confirmed acute Q fever case. Whenever IgG phase II antibodies using CFT and IgM phase II antibodies using ELISA and/or IFAT were measured in a single serum sample, the patient was considered a probable case of acute Q fever (outcomes 3, 4 and 5). When only IgM phase II antibodies using ELISA and IFAT were detected, cases were considered to be possible acute cases (outcomes 6 and 7).
Reporting to the national case register
The notification system in the Netherlands works like a funnel: firstly, all laboratory-defined acute Q fever patients (confirmed, probable and possible) were notified by the laboratory to the MHS. Secondly, the MHS infectious disease specialist reviewed all cases. If the case also met the clinical criteria, notification was reconfirmed and reported to the NCR. If the case did not meet these criteria, it was registered as not notifiable. 
Data analysis
The dataset with the reconfirmed and not-notifiable acute Q fever cases from MHS Brabant-South-East was merged with the laboratory test results, based on the patients' six-digit postal code and date of birth. After merging, retrospective analysis of the acute Q fever cases during 1 January 2009 to 31 December 2011 was conducted. Descriptive analysis included age and sex. Cases were grouped according to the laboratory interpretations (1-7) and reviewed to assess what proportion was finally included in the NCR.
Statistical analysis included computations of laboratory-outcome frequencies per year and the percentage of reconfirmed notified and not-notifiable cases per year. Significance in these groups computed using one-sided Mann-Whitney test and Fisher's exact test, respectively.
Results
Patients' characteristics
From 1 January 2009 to 31 December 2011, 658 Q fever patients were reported by laboratories in south-east Brabant to the MHS, of which 523 were from our laboratory. The remaining 135 patients were reported by other laboratories in the region and were not included in the analysis. The mean age of the 523 patients was 49 years (standard deviation (SD): 16), and 320 (61.2%) were male.
Diagnostic tests and outcomes
Of the 523 laboratory-defined cases notified to the MHS by our laboratory, 377 occurred in 2009, 96 in 2010 and 50 in 2011. During these three years, the distribution of laboratory outcomes changed substantially (Table 3) (Table 3) .
Reporting to the national case register
In 2009, all laboratory-confirmed cases, except two, were reconfirmed by MHS and reported to the NCR (184/186) ( Table 4 ). In 2010 and 2011, the proportion of reconfirmed cases dropped: only 7/12 and 4/9 of the cases considered to be confirmed by laboratory criteria in 2010 and 2011 respectively were reported to the NCR. Interestingly, six of the 10 cases reported in 2010 and 2011 not reconfirmed were PCR positive in the initial serum sample, and therefore in laboratory terms would be considered true positives. Follow-up serology was performed in four of these six cases: IgM phase II as well as IgG phase II antibodies against C. burnetii were not detected.
The proportion of the reconfirmed cases significantly decreased with the degree of certainty of the laboratory diagnosis and over the three-year period. Only a small minority of the laboratory-defined probable acute Q fever cases in 2010 and 2011 were reconfirmed by the MHS and reported to the NCR (14/72 and 5/18 respectively). This proportion was even lower for the possible cases, where almost no cases were reported to the NCR (Table 4 
Discussion
In this study, we showed that the continued use of a pre-outbreak case definition lead to over-reporting of acute Q fever to the MHS in the post-epidemic years. This was caused by the increasing seroprevalence in the population and the observed persistence of IgM antibody titres, both influencing the interpretation of serological test results. Therefore, a test result that was diagnostic for acute disease at the start of the outbreak became almost useless later on. For instance, the specificity of single IgM phase II positive results, in terms of inclusion in the NCR, was 83.1% in 2009, whereas in 2010 and 2011,the specificity dropped to 0% and 13% respectively. According to national law, all notifications of laboratories and physicians should be investigated by the MHS infectious disease specialist in order to track down (new) sources, the principal reason for notification of Q fever. The over-reporting observed here in the course of a large outbreak does not aid such source finding.
Laboratory diagnosis of acute Q fever is quite complex. Culture techniques for C. burnetii are not available for routine practice, and therefore diagnosis relies on pathogen detection by PCR or serology or both. Although detection of C. burnetii DNA in serum by PCR is highly sensitive, it is also time-dependent, with a window for detection of approximately two weeks after onset of acute Q fever symptoms [5] . Besides, not all diagnostic laboratories have C. burnetii PCR facilities. Therefore, serological tests will remain necessary in laboratory diagnosis of (acute) Q fever. Figure) Such changes are unavoidable during a large-scale outbreak: routine methods that were in place at the start of the outbreak were not suitable for large-scale use. Changing diagnostic methods in during an outbreak may influence the case definition used. Closer interaction between laboratory diagnosticians, epidemiologists and MHS infectious disease specialists is highly recommended: it will help unravel the notifications and focus investigation on real acute Q fever cases.
The current laboratory criteria for notification contain confirmed laboratory cases (PCR positive or a four-fold Table 3 Laboratory-defined Q fever cases notified to the Municipal Health Service of south-east Brabant, the Netherlands a Determined using one-sided Mann-Whitney test. b A serum pair for one episode of Q fever was defined whenever these sera were collected within 90 days.
increase in IgG phase II titre) and probable and possible cases (single serum IgM phase II positive) [11] . The last criterion, applied to patients with specific clinical symptoms, had a high positive predictive value in the epidemic year (2009). After the epidemic was successfully managed at the end of 2009, the incidence of acute Q fever fell drastically from 2010 onwards [12] . However, seroprevalence was high in the affected areas, reaching up to 20% of the population in some highly affected areas in the south of the Netherlands [13] . The number of laboratory requests remained high as the diagnostic triaging changed with increasing awareness. The total number of samples tested at our laboratory for acute Q fever increased from 4,516 in 2009 to 5,138 in 2010. Two years after the epidemic, the numbers decreased to 3,116 in 2011 and 2,946 in 2012. The group of patients subjected to diagnostic testing widened, thereby changing the positive predictive value of the same test outcome. Also, in the years after the epidemic, the indication for diagnostic testing changed from acute illness to (chronic) fatigue symptoms. Microbiologists can signal such changes but only if clinical information and other relevant background information is provided by the physician requesting the tests. However, this information is often lacking. As a consequence, the laboratory kept reporting IgM phase II positive patients to the MHS. IgG phase II and IgM phase II remain detectable for a long time after initial infection. Recently, it was shown that at least until 12 months after acute Q fever IgM phase II antibodies are detectable in the majority of the patients [7] . Since most of the acute Q fever infections remain asymptomatic, IgM phase II in patients without classic symptoms represented mostly past infections instead of new acute cases in the post-epidemic period.
The need for more direct interaction between treating and notifying physicians and the laboratory was also illustrated by another finding: in our study, we found four PCR-positive cases (in 2010 and 2011) that were not included in the NCR. The reason for not reconfirming these cases was the aspecific clinical presentation together with the lack of serological response in follow-up sera from some of the cases, casting doubt on the performance of the diagnostic test. Positive PCR without serological response weeks after initial symptom onset is highly unlikely. Although it has been suggested that antibody responses may be limited when antibiotic treatment is started early, this was not observed in a recent study [14] . Therefore, finding PCR-positive patients whose infection cannot be confirmed by serology suggests that they were due to false-positive PCR tests. PCR, which is highly sensitive, has always been prone to false-positive results, requiring strict protocols. Regretfully, despite these strict protocols, positives were still found that did not match the clinical picture, and again, with widening referral of patients, the positive predictive value of the same assay decreases. The combination of diagnostic serology and PCR can be problematic, as laboratory contamination may result in antigen preparations containing high levels of C. burnetii DNA [15] . After this phenomenon was reported, separate samples for serological and PCR tests were taken from patients, to reduce the potential of cross-contamination.
Although serological positive results do indicate infected patients, the inability to discriminate acute, chronic and past infections based on these criteria placed a lot of emphasis on the decision-making by the MHS. Notification of past infections does not support source finding, but will give MHS staff needless work. Therefore we recommend 'downsizing' the notification criteria, as was done in other infectious diseases [16, 17] . For example, at the start of the influenza A(H1N1)pdm09 epidemic in 2009 and 2010, it was mandatory to report all new patients, but this was rapidly changed to hospitalized patients only. Notification was abandoned totally when influenza A(H1N1)pdm09 became seasonal influenza [17] .
The timing of change in notification criteria is rather arbitrary, but based on our retrospective data we conclude that the criteria could have been modified in 2010 for the Q fever-endemic areas in the Netherlands. We would recommend changing the laboratory case definition to rely on more specific testing as the incidence decreases and seroprevalence increases in a previously affected region by omitting IgM phase II positive sera and only report laboratory-confirmed cases. Whenever this is based on PCR positive sera, serological confirmation is recommended to monitor false positives due to contamination. Narrowing the notification rule to confirmed cases only is likely to lead to a more meaningful epicurve; notifications that are pending would no longer be taken into account. In order to keep a close eye on an epidemic, clinicians together with laboratories should closely follow up patients after a first positive result.
This study emphasises the importance of updating diagnostic criteria during an outbreak due to emerging pathogens. New notification rules in the aftermath of an epidemic are therefore necessary. As knowledge increases and diagnostic technology improves, definitions need to be changed to reflect those trends. We suggest a case definition that includes a degree of certainty (e.g. probable or confirmed) based on the different type of laboratory results.
